worth <1. QALYs are a measure of patient utility and can be determined with use of the EuroQol 5-Dimension (EQ-5D), Short Form 6-Dimension (SF-6D), and Health Utility Index (HUI) questionnaires 11 . To our knowledge, no recent studies have comprehensively provided patient utility outcomes after both primary and revision hip and knee arthroplasty. Several studies have provided information on QALY gains after primary total hip arthroplasty [12] [13] [14] [15] and primary total knee arthroplasty 13, 14, 16 . However, those studies included small numbers of patients and did not delineate QALY outcomes after numerous other hip and knee reconstruction procedures such as revision surgery, hip resurfacing, and partial knee arthroplasty. Furthermore, it is not known what factors predict the changes in patient utility after joint replacement.
The goal of the present study was to comprehensively determine patient health-related quality of life after hip and knee replacement as assessed with the EQ-5D and SF-6D instruments. For hip arthroplasty, we examined primary total hip arthroplasty, hip resurfacing, aseptic revision total hip arthroplasty, septic revision total hip arthroplasty, conversion of prior hemiarthroplasty to total hip arthroplasty, and conversion of prior hip resurfacing to total hip arthroplasty. For knee arthroplasty, we examined primary total knee arthroplasty, medial unicompartmental knee arthroplasty, aseptic revision total knee arthroplasty, septic revision total knee arthroplasty, conversion of unicompartmental knee arthroplasty to total knee arthroplasty, and patellofemoral replacement. Furthermore, we examined patient-related factors that predict the gain in patient utility after joint replacement.
Materials and Methods
Patients W e conducted a retrospective review of patients who had been prospectively enrolled in our institution's institutional review board-approved joint database from May 2007 to December 2011. The present study included all patients who had available preoperative and 2-year postoperative EQ-5D, SF-36, or SF-12 data who had undergone primary total hip arthroplasty, hip resurfacing, aseptic revision total hip arthroplasty, septic revision total hip arthroplasty, conversion of prior hemiarthroplasty to total hip arthroplasty, conversion of prior hip resurfacing to total hip arthroplasty, primary total knee arthroplasty, medial unicompartmental knee arthroplasty, aseptic revision total knee arthroplasty, septic revision total knee arthroplasty, conversion of unicompartmental knee arthroplasty to total knee arthroplasty, or patellofemoral replacement. Age, sex, body mass index (BMI), the Charlson Comorbidity Index (CCI), the American Society of Anesthesiologists (ASA) score, and the preoperative diagnosis were recorded for each patient. The patient characteristics for select procedures are summarized in Table I . Patients were excluded if no scores were available for any of the 3 instruments (EQ-5D, SF-36, and SF-12).
EQ-5D
The EQ-5D health questionnaire 17 includes 5 domains: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Responses have 3 levels of severity, ranging from no problems to extreme problems. This instrument allows for 
SF-6D
The SF-6D utility score, which is derived from the SF-36 and SF-12 scoring systems, includes 6 categories: vitality, pain, mental health, social functioning, physical functioning, and role limitations. Each category is scored by severity level. Different answers produce a large number of possible health states. Each health state is correlated with an index utility score of between 0 and 1, with 0 representing death and 1 representing full health, by applying a weighting specific for the United States that is based on a standard gamble technique 11 . All SF-36 or SF-12 scores were converted into SF-6D index scores.
Statistical Analysis
For all procedures with available data for >100 patients, we utilized multivariate linear regression to analyze the effect of patient-related factors on the predicted change in QALYs from the preoperative baseline to 2 years postoperatively. These procedures included primary total hip arthroplasty, hip resurfacing, aseptic revision total hip arthroplasty, primary total knee arthroplasty, unicompartmental knee arthroplasty, and aseptic revision total knee arthroplasty. Explanatory variables were patient age, sex, BMI, ASA score, CCI, preoperative utility, and diagnosis.
Results

S
ix thousand, seven hundred and eighty-six patients were analyzed after hip arthroplasty procedures, including primary total hip arthroplasty (5,463 patients; 80.5%), hip resurfacing (843 patients; 12.4%), aseptic revision total hip arthroplasty (440 patients; 6.5%), septic revision total hip arthroplasty (4 patients; 0.06%), conversion of hemiarthroplasty to total hip arthroplasty (24 patients; 0.4%), and conversion of hip resurfacing to total hip arthroplasty (12 patients; 0.2%). Five thousand, nine hundred and ninety-six patients underwent knee arthroplasty procedures, including primary total knee arthroplasty (5,398 patients; 90.0%), medial unicompartmental knee arthroplasty (240 patients; 4.0%), aseptic revision total knee arthroplasty (323 patients; 5.4%), septic revision total knee arthroplasty (6 patients; 0.1%), conversion of prior unicompartmental knee arthroplasty to total knee arthroplasty (15 patients; 0.25%), and patellofemoral replacement (14 patients; 0.23%). Patient characteristics by procedure are summarized in Table I . Annual gain in QALYs after surgery are summarized in Figures 1-A through 2-C. Table II summarizes the change in utility after hip arthroplasty. Three thousand, four hundred and fifty-three patients who underwent primary total hip arthroplasty had a mean 2-year postoperative increase in the EQ-5D score (and standard deviation) of 0.25 ± 0.2. Four thousand, eight hundred and thirty-four patients who underwent primary total hip arthroplasty had a 2-year postoperative increase in the SF-6D score of 0.18 ± 0.13. Three thousand, six hundred and one patients who underwent primary total hip arthroplasty had a 5-year postoperative increase in the SF-6D score of 0.2 ± 0.13. For primary total hip arthroplasty, the variables of age, sex, BMI, ASA score, and preoperative utility as measured with the EQ-5D index were all significant predictors of annual QALY gain (p < 0.0001 for all) and collectively predicted 58.8% of the variation in patient outcomes (Table III) . Higher age, BMI, ASA score, and CCI were all associated with a slightly lower QALY gain. A moderately higher QALY gain was associated with male sex. The strongest predictor of QALY gain was a lower baseline preoperative quality of life; the lower the preoperative annual QALY, the higher the expected postoperative QALY gain.
Primary Total Hip Arthroplasty
Hip Resurfacing
Five hundred and sixty-six patients who underwent hip resurfacing had a 2-year postoperative increase in the EQ-5D score of 0.24 ± 0.17. Seven hundred and eighty-two patients who underwent hip resurfacing had a 2-year increase in the SF-6D score of 0.19 ± 0.13. Six hundred and eleven patients who underwent hip resurfacing had a 5-year increase in the SF-6D score of 0.21 ± 0.12. There were no statistically significant differences in annual QALY gain as measured with the EQ-5D or SF-6D index when primary total hip arthroplasty was compared with hip resurfacing (p = 0.638, p = 0.507). The ASA score (p = 0.001) and preoperative baseline utility scores as 
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measured with the EQ-5D index (p < 0.0001) were predictive of QALY gain after hip resurfacing; these 2 variables explained 63.9% of the variation in QALY gain (Table III) . A lower preoperative utility score was associated with a higher postoperative annual QALY gain.
Aseptic Revision Total Hip Arthroplasty
Two hundred and eighty-seven patients who underwent aseptic revision total hip arthroplasty had a 2-year postoperative increase in the EQ-5D score of 0.17 ± 0.23. This increase was significantly lower than the EQ-5D utility gained after primary total hip arthroplasty (p < 0.0001). Three hundred and eighty patients who underwent aseptic revision total hip arthroplasty had a 2-year gain in the SF-6D score of 0.12 ± 0.14. Likewise, this increase was significantly lower than the SF-6D utility gained after primary total hip arthroplasty after 2 years (p < 0.0001). Two hundred and fifty-four patients demonstrated a 5-year postoperative increase in the SF-6D score of 0.14 ± 0.15, which was also significantly lower than the corresponding 5-year outcome after primary total hip arthroplasty (p < 0.0001). Patient sex (p = 0.021) and preoperative utility (p < 0.0001) explained 52.3% of the variation in annual QALY gain after revision total hip arthroplasty (Table III) .
Additional Hip Procedures
Fewer patients had complete utility scores available after conversion of hemiarthroplasty to total hip arthroplasty (17 patients), conversion of hip resurfacing to total hip arthroplasty (5 patients), and septic revision total hip arthroplasty (3 patients). Utilities for these patients are summarized in Table II . Table IV summarizes the change in utility after knee arthroplasty. Three thousand, three hundred and nine patients who underwent total knee arthroplasty had a 2-year postoperative increase in the ED-5D score of 0.17 ± 0.19. Four thousand, Quality *The outcome variable was defined as the change from the baseline preoperative EQ-5D index score to the 2-year postoperative EQ-5D index score. BMI = body mass index, CCI = Charlson Comorbidity Index, and ASA = American Society of Anesthesiologists. †R 2 = 0.588 for primary total hip arthroplasty, 0.639 for hip resurfacing, and 0.523 for aseptic revision total hip arthroplasty. ‡The intercept is the expected value when all of the values in the regression model are set to 0. 
Primary Total Knee Arthroplasty
-Adjusted Life Years After Hip and Knee Arthroplasty JBJS Open Access d 2018:e0007. openaccess.jbjs.org
Quality-Adjusted Life Years After Hip and Knee Arthroplasty
eight hundred and fifty-one patients who underwent primary total knee arthroplasty had a 2-year postoperative increase in the SF-6D score of 0.14 ± 0.13. Three thousand, three hundred and fifty-four patients who underwent primary total knee arthroplasty had a 5-year postoperative increase in the SF-6D score of 0.15 ± 0.13. Patient BMI, CCI, sex, ASA score, and preoperative baseline utility as measured with the EQ-5D index were all significant predictors of 2-year postoperative utility gain (Table V) . Together, these factors explained 44.6% of the variation in utility gain after primary total knee arthroplasty. The strongest predictor of utility gain was preoperative baseline utility.
Unicompartmental Knee Arthroplasty
One hundred and fifty-eight patients who underwent medial compartment unicompartmental knee arthroplasty had a mean 2-year increase in the ED-5D score of 0.16 ± 0.17; this increase was not significantly different from that following primary total knee arthroplasty (p = 0.814). Two hundred and twenty-six patients who underwent unicompartmental knee arthroplasty had a 2-year increase in the SF-6D score of 0.15 ± 0.12, whereas 159 patients demonstrated a 5-year increase of 0.15 ± 0.12.
Neither value was statistically different from the corresponding value following primary total knee arthroplasty. Only preoperative baseline utility as measured by the EQ-5D index was predictive of 2-year utility gain after unicompartmental knee arthroplasty (p < 0.0001); this factor explained 46.7% of the variability in the utility gain after surgery (Table V) .
Aseptic Revision Total Knee Arthroplasty
Two hundred and seventeen patients who underwent aseptic revision total knee arthroplasty had a 2-year increase in the EQ-5D score of 0.13 ± 0.21. Two hundred and eighty-eight patients had a 2-year increase in the SF-6D score of 0.1 ± 0.13, and 186 patients had a 5-year increase in the SF-6D score of 0.13 ± 0.14. In all cases, postoperative utility gain was significantly lower after aseptic revision total knee arthroplasty than after primary total knee arthroplasty (p < 0.0001). Age, BMI, ASA score, and preoperative utility as measured by the EQ-5D index were all significant predictors of 2-year utility gain after aseptic revision total knee arthroplasty; these factors explained 45.4% of the variation in utility gain after aseptic revision total knee arthroplasty (Table V) . 
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Additional Knee Procedures Fewer patients had complete utility scores available after conversion of unicompartmental knee arthroplasty to total knee arthroplasty (8 patients), patellofemoral replacement (8 patients), and septic revision total knee arthroplasty (5 patients). Utilities associated with these procedures are summarized in Table IV .
Discussion
T he present study summarizes preoperative and postoperative health-related quality of life in terms of annual QALYs gained after hip and knee arthroplasty. Our results demonstrated that hip and knee osteoarthritis had a negative impact on health-related quality of life comparable to that of major medical conditions [18] [19] [20] [21] (Table VI) . Both hip and knee arthroplasty resulted in a large increase in quality of life as measured in QALYs with use of either the EQ-5D or the SF-6D instrument. After primary arthroplasty, the average patient healthrelated quality of life was similar to values in the literature for healthy patients without osteoarthritis (Table VI) .
We found no differences in annual QALY gain between primary total hip arthroplasty and hip resurfacing. Similarly, we found no difference between utility gain after primary total knee arthroplasty and unicompartmental knee arthroplasty. Total hip arthroplasty resulted in greater utility gain than total knee arthroplasty. Revision hip and knee replacement resulted in a positive gain in annual QALYs, although the gain was lower than that after primary surgery.
We observed considerable variation in quality-of-life outcomes. Higher preoperative QALYs were consistently the strongest negative predictor of postoperative QALY gain after total hip arthroplasty, hip resurfacing, aseptic revision total hip arthroplasty, total knee arthroplasty, unicompartmental knee arthroplasty, and aseptic revision total knee arthroplasty. This finding is intuitive: patients who have the lowest preoperative quality of life will potentially benefit the most from surgical intervention, whereas those with mild symptoms can expect small or even negative changes in their quality of life.
Recently reported utility gains after primary total hip arthroplasty have ranged from 0.166 to 0.358 (Table VII) [12] [13] [14] [15] . For total hip arthroplasty, our study demonstrated an annual QALY gain of 0.25 for 3,453 patients with use of the EQ-5D index and a gain of 0.18 for 4,834 patients with use of the SF-6D index. Utility changes after primary total knee arthroplasty also have been described 13, 14, 16 , with gains ranging from 0.125 to 0.267 (Table VIII) . For primary total knee arthroplasty, we found an annual QALY gain of 0.17 for 3,309 patients with use of the EQ-5D index and a gain of 0.14 for 4,851 patients with use of the SF-6D index. Whereas the aforementioned studies involved the use of either the EQ-5D or the SF-6D index, our study involved the use of both instruments to determine utility gain. To our knowledge, the present report describes the largest study on QALY changes after primary hip and knee replacements in the United States. Additionally, to our knowledge, our study provides the first recent report on utility outcomes after hip resurfacings, unicompartmental knee replacements, and aseptic revision hip and knee replacements in a large number of patients.
To our knowledge, no prior study has systematically identified characteristics that predict QALY gain after hip and knee arthroplasty. We found that age, BMI, ASA score, sex, and preoperative utility correlated with QALY outcomes after primary total hip arthroplasty and total knee arthroplasty. These factors predicted 59% of the variation of patient outcomes following primary total hip arthroplasty and 45% of the variation in outcomes following primary total knee arthroplasty. These findings imply that patient selection is strongly predictive of postoperative QALY gain. Interestingly, age was a slight negative predictor of QALY gain. This finding may be due to decreased overall quality of life due to age 22 as opposed to worse outcomes in elderly patients.
Preoperative health-related quality of life was the strongest predictor of QALY gain after hip and knee arthroplasty, including aseptic revision surgery. The lower the preoperative utility, the higher the expected QALY gain. This relationship was statistically significant and clinically important. For instance, our regression model (Table III) predicts that a patient with a preoperative utility of 0.55 would gain 0.33 QALY annually after total hip replacement; in contrast, a similar patient with a preoperative utility of 0.8 would gain only 0.125 QALY annually. Patients with the most compromised preoperative function gain the greatest postoperative improvement.
The present study had several limitations. Although QALYs are the preferred outcome measurement for economic analysis, they represent generic health outcomes. Therefore, patient-related health factors besides arthroplasty may affect postoperative QALYs. However, QALY outcomes are known to correlate with hip and knee-specific outcome instruments 12, 16 . Also, we were unable to exclude patients with postoperative complications, which may have negatively biased the results. Furthermore, we only had data on patients who had preoperative EQ-5D, SF-36, or SF-12 scores; we did not have information on patients who failed to answer preoperative questionnaires and therefore we were unable to calculate overall loss to follow-up. Additionally, for several procedures-including septic revisions, conversion of hemiarthroplasty or hip resurfacings to total hip arthroplasty, conversions of unicompartmental knee arthroplasty to total knee arthroplasty, and patellofemoral arthroplasties-we provided QALY outcomes for only a limited number of patients. However, we are aware of no previous studies that have provided such data for these procedures. Furthermore, fewer patients completed postoperative EQ-5D forms compared with SF-36 or SF-12 forms. However, as most patients completed other health questionnaires that provided similar results, we believe that this limitation did not strongly bias our results. Finally, we examined a high-volume arthroplasty center, and therefore our results may not be generalizable to institutions that perform fewer cases per year 23 . In summary, we have provided preoperative and postoperative annual QALY results for common hip and knee arthroplasty procedures; many of these data were not previously available. We used both the EQ-5D and the SF-6D as the basis for our QALY estimates. Our results demonstrated that average health-related quality of life after primary hip or knee replacement approach those for healthy patients of similar age as reported in the recent literature. We delineated several patient-related factors that were associated with outcomes. While age, BMI, and ASA score were significant predictors, the most important factor for predicting annual QALY gains after hip and knee arthroplasty was the patient's preoperative quality of life: a lower preoperative utility was found to be highly predictive of larger QALY gains postoperatively. Our results may be used to facilitate future cost-effectiveness studies in arthroplasty, to counsel patients regarding expected outcomes, and to assist in selecting patients who may benefit most from arthroplasty. n 
